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(54) Field emission element, fabrication method thereof, and field emission display 


(57) A field emission display has an element includ- 
ing a first electrode (4), and a second electrode (2) lam- 
inated to the first electrode (4) through an insulating lay- 
er (3). The first electrode (4) has an opening (7); the 
second electrode (2) has a hole (9) of a planar shape 
corresponding to that of the opening (7) at a position 
matched with the opening (7); and the insulating layer 
(3) has a through-hole (8) continuous to the opening (7) 
and the hole (9). An upper edge portion of the hole (9) 
is formed into a cross-sectional shape having an edge 
angle in a range of 80 to 100°, and at least part of the 


upper edge portion of the hole (9) is exposed in the 
through-hole (8). In this element, electrons are emitted 
from the second electrode (2) through the upper edge 
portion of the hole (9) exposed in the through-hole (8) 
by applying a specific voltage between the first electrode 
(4) and the second electrode (2). With this configuration, 
a distance between the gate electrode (4) and a field 
emission portion of the cathode electrode (2) can b ~ 
curately controlled with a simple structure. To enhance 
an emission efficiency of electrons, a second gate elec- 
trode (16) may be provided on the lower side of the cath- 
ode electrode (2) through an insulating layer (17). 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a field emission el- 
ement for allowing electrons to be emitted from a sur- 
face of a metal or a semiconductor by utilising a field 
emission phenomenon, a method of fabricating the ele- 
ment, and a field emission display using the field emis- 
sion element. 

A field emission element, which allows electrons to 
be emitted from a solid due to no thermal excitation, is 
typically used for an electron source for drive of a FED 
(Field Emission Display). 

As such a field emission element, there has been 
known a Spindt type in which a cold cathode for emitting 
electrons is formed into a pyramid or cone shape. 

A method of fabricating the related art Spindt type 
field emission element will be described with reference 
to Figs. 27 A to 27C and Figs. 28A and 28B. 

As shown in Fig. 27A, a cathode electrode 101 
made from chromium (Cr), niobium (Nb), tantalum (Ta), 
tungsten (W) or the like is formed into a specific pattern 
on a glass substrate 100. A gate electrode 103 made 
from Cr, Nb, Ta, W or the like is formed into a pattern 
crossing the pattern of the cathode electrode 101 on the 
cathode electrode 101 through a silicon oxide (Si02) 
film 1 02. A resist film 1 04 is formed on the gate electrode 
1 03, and an opening 1 05 is formed in the resist film 1 04 
at a specific position by photolithography. Then, the gate 
electrode 103 is etched using the resist film 104 as an 
etching mask, to form an opening 106 having a diameter 
of about 1 urn in the gate electrode 103. 

As shown in Fig. 27B, the Si02 film 102 is etched 
through the opening 106 of the gate electrode 103, to 
form a through-hole 107 in the Si02 film 102. At this 
time, the Si02 film 102 is side-etched, so that as shown 
in Fig. 27B, the through-hole 107 is slightly wider than 
the opening 106 of the gate electrode 103. 

As shown in Fig, 27C, the resist film 104 is removed 
and a peeling layer 108 made from aluminum (Al) or the 
like is formed on the gate electrode 103 by oblique va- 
por-deposition. 

As shown in Fig. 28A, a metal material such as mo- 
lybdenum (Mo) or W or a semiconductor material such 
as diamond is vapor-deposited in the direction substan- 
tially perpendicular to the substrate 1 00, to form a vapor- 
deposition layer 109 on the gate electrode 103, and also 
to form, through the opening 106 of the gate electrode 
103, a cathode cone (or emitter cone) 110 made from 
the above material on a portion of the cathode electrode 
101 exposed in the through-hole 107 of the Si02 film 
102. 

Then, as shown in Fig. 28B, the peeling layer 108 
is removed by dissolution, to peel the vapor-deposition 
layer 109 on the gate electrode 103. 

With these steps, a Spindt type field emission ele- 
ment is formed in which the cathode cone 1 1 0 as a field 


emission source is provided in the fine opening 106 
formed in the gate electrode 103. 

The field emission element thus formed is used as 
an electron source for drive of a display such as a FED. 

s For example, as shown in Fig. 29, when a specific 
voltage Vg is applied between the gate electrode 103 
and the cathode electrode 101 of one selected from the 
field emission elements arranged in a matrix pattern cor- 
responding to a matrix pattern of pixels, there occurs 

io concentration of an electric field at a peak portion of the 
cathode cone 110. This allows electrons to be emitted 
from the peak portion of the cathode cone 110. The elec- 
trons thus emitted are accelerated by a voltage Va ap- 
plied between the gate electrode 103 and a transparent 

is electrode 11 1 as an anode, and then collide with a phos- 
phor screen 112, thereby allowing light emission of the 
phosphor screen 112. 

In the above-described related art Spindt type field 
emission element, field emission characteristics thereof 

20 are largely affected by a distance between the opening 
1 06 of the gate electrode 1 03 and the peak portion of 
the cathode cone 110. On the other hand, such a dis- 
tance is dependent on in-plane uniformity of thickness 
of the vapor-deposition film 109, and more specifically, 

25 the distance varies depending on the amplified non-uni- 
formity of the film thickness. Accordingly, for example, 
in order to fabricate a display having uniform field emis- 
sion characteristics, the above step of forming the va- 
por-deposition layer 109 is required to be carried out 

30 such that the vapor-deposition film 109 is uniformly 
formed at a high accuracy over the entire surface of the 
substrate. 

However, it has been very difficult to form the vapor- 
deposition film 1 09 uniformly at a high accuracy ovei i, ie 
35 entire surface of a large-area substrate, and therefore, 
it has failed to realize a large-area display with a high 
quality. 

Another problem of the related art Spindt type field 
emission element is that the fabricating yield has been 
40 poor because of contamination of the element occurring 
upon peeling of the vapor-deposition layer 109. 

SUMMARY OF THE INVENTION 

45 An object of the present invention is to provide a 
field emission element having a structure capable of rel- 
atively easily, uniformly controlling a distance between 
a gate electrode and an electron emitting portion of a 
cathode electrode, a method of manufacturing the ele- 

50 ment, and a display using the element. 

Another object of the present invention is to provide 
a field emission element having a structure without re- 
quiring a step of peeling a vapor-deposition layer, a 
method of fabricating the element, and a display using 

55 the element. 

To achieve the above objects, according to a first 
aspect of the present invention, there is provided a field 
emission display having a field emission element, the 
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field emission element including: a first electrode, and 
a second electrode laminated to the first electrode 
through an insulating layer, the first electrode having an 
opening, the second electrode having a hole of a planar 
shape corresponding to that of the opening at a position s 
matched with the opening, the Insulating layer having a 
through-hole continuous to the opening and the hole; 
wherein an upper edge portion of the hole is formed into 
a cross-sectional shape having an edge angle in a range 
of 80 to 1 00OK; and at least part of the upper edge por- io 
tion of the hole is exposed in the through-hole; whereby 
electrons are emitted from the second electrode through 
the upper edge portion of the hole exposed in the 
through-hole by applying a specific voltage between the 
first electrode and the second electrode. is 

According to a second aspect of the present inven- 
tion, there is provided a method of fabricating a field 
emission display, including the steps of: forming a first 
electrode layer on an insulating substrate; forming an 
insulating layer on the first electrode layer; forming a so 
second electrode layer on the insulating layer; forming 
an opening in the second electrode layer at a specific 
position; etching the insulating layer through the open- 
ing of the second electrode layer, to form in the insulat- 
ing layer a through-hole continuous to the opening of ss 
the second electrode layer and wider than the opening; 
and anisotropic-etching the first electrode layer through 
the opening of the second electrode layer and the 
through-hole of the insulating layer, to form in the first 
electrode layer a hole continuous to the through-hole of so 
the insulating layer and having a planar shape being 
substantially the same as that of the opening of the sec- 
ond electrode layer. 

According to a third aspect of the present invention, 
there is provided a method of fabricating a field emission 35 
display, including the steps of: forming a first insulating 
layer on a conductive substrate or semiconductor sub- 
strate; forming a first electrode layer on the first insulat- 
ing layer; forming a second insulating layer on the first 
electrode layer; forming a second electrode layer on the 40 
second insulating layer; forming an opening in the sec- 
ond electrode layer at a specific position; etching the 
second insulating layer through the opening of the sec- 
ond electrode layer, to form in the second insulating lay- 
er a through-hole continuous to the opening of the sec- 4S 
ond electrode layer and widerthan the opening; and an- 
isotropic-etching the first electrode layer through the 
opening of the second electrode layer and the through- 
hole of the second insulating layer, to form in the first 
electrode layer a hole continuous to the through-hole of so 
the second insulating layer and having a planar shape 
being substantially the same as that of the opening of 
the second electrode layer. 

According to a fourth aspect of the present inven- 
tion, there is provided a field emission display having a 55 
field emission element, the field emission element in- 
cluding: a first electrode, a second electrode laminated 
to the first electrode through a first insulating layer, and 


a third electrode laminated to the second lectrode 
through a second insulating layer, the first electrode 
having an opening, the second electrode having a hole 
of a planar shape corresponding to that of the opening 
at a position matched with the opening, the first insulat- 
ing layer having a through-hole continuous to the open- 
ing and the hole; wherein at least part of an upper edge 
portion of the hole is exposed in the through-hole; 
whereby electrons are emitted from the second elec- 
trode through the upper edge portion of the hole ex- 
posed in the through-hole by applying a first voltage be- 
tween the first electrode and the second electrode and 
a second voltage equal to or less than the first voltage 
between the second electrode and the third electrode. 

According to a fifth aspect of the present invention, 
there is provided a method of fabricating a field emission 
display, including the steps of: forming a first electrode 
layer on an insulating substrate; forming a first insulating 
layer on the first electrode layer; forming a second elec- 
trode layer on the first insulating layer; forming a second 
insulating layer on the second electrode layer; forming 
a third electrode layer on the second insulating layer; 
forming an opening in the third electrode layer at a spe- 
cific position; etching the second insulating layer 
through the opening of the third electrode layer, to form 
in the second insulating layer a through-hole continuous 
to the opening of the third electrode layer and wider than 
the opening; and anisotropic-etching the second elec- 
trode layer through the opening of the third electrode 
layer and the through-hole of the second insulating lay- 
er, to form in the second electrode layer a hole continu- 
ous to the through-hole of the second insulating layer 
and having a planar shape being substantially the same 
as that of the opening of the third electrode layer. 

According to a sixth aspect of the present invention, 
there is provided a field emission display having a field 
emission element, the field emission element including: 
a first electrode, and a second electrode laminated on 
the first electrode through an insulating layer, the first 
electrode having an opening, the second electrode hav- 
ing, at a position matched with the opening, a hole hav- 
ing a planar shape including the opening and being par- 
tially overlapped to the opening, the insulating hole hav- 
ing a through-hole continuous to the opening and the 
hole; wherein at least part of an upper edge portion of 
the hole is exposed in the through-hole; whereby elec- 
trons are emitted from the second electrode through the 
upper edge portion of the hole exposed In the through- 
hole by applying a specific voltage between the first 
electrode and the second electrode. 

According to a seventh aspect of the present inven- 
tion, there is provided a method of fabricating a field 
emission display, including the steps of: forming a first 
electrode layer on an insulating substrate; forming a first 
hole having a specific planar shape in the first electrode 
layer at a specific position; forming an insulating layer 
on the first electrode layer; forming a second electrode 
layer on the insulating layer; forming, in the second elec- 
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trode layer at a specific position, an opening having a 
planar shape being partially overlapped to the first hole 
of the first electrode layer; etching the insulating layer 
through the opening of the second electrode layer, to 
form in the Insulating layer a through-hole continuous to 
the opening of the second electrode layer and wider 
than the opening; and anisotropic-etching the first elec- 
trode layer through the opening of the second electrode 
layer and the through-hole of the insulating layer, to form 
in the first electrode layer a second hole continuous to 
the through-hole of the insulating layer and having a pla- 
nar shape being substantially the same as that of the 
opening of the second electrode layer. 

According to an eighth aspect of the present inven- 
tion, there is provided a field emission display having a 
field emission element, including: a first electrode, a 
second electrode laminated to the first electrode 
through a first insulating layer, and a third electrode lam- 
inated on the second electrode through a second insu- 
lating layer, the first electrode having an opening, the 
second electrode having, at a position matched with the 
opening, a hole having a planar shape including the 
opening and being partially overlapped to the opening, 
the first insulating layer having a through-hole continu- 
ous to the opening and the hole; wherein at (east part of 
an upper edge portion of the hole is exposed in the 
through-hole; whereby electrons are emitted from the 
second electrode through the upper edge portion of the 
hole exposed in the through-hole by applying a first volt- 
age between the first electrode and the second elec- 
trode and a second voltage equal to or less than the first 
voltage between the second electrode and the third 
electrode. 

According to a ninth aspect of the present invention, 
there is provided a method of fabricating a field emission 
display, including the steps of: forming a first electrode 
layer on an insulating substrate; forming a first insulating 
layer on the first electrode layer; forming a second elec- 
trode layer on the first insulating layer; forming, in the 
second electrode layer at a specific position, a first hole 
having a specific planar shape; forming a second insu- 
lating layer on the second electrode layer; forming a 
third electrode layer on the second insulating layer; 
forming, in the third electrode at a specific position, a 
hole having a planar shape being partially overlapped 
to the first hole of the second electrode layer; etching 
the second insulating layer through the opening of the 
third electrode layer, to form in the second insulating lay- 
er a through-hole continuous to the opening of the third 
electrode layer and wider than the opening; and aniso- 
tropic-etching the second electrode layer through the 
opening of the third electrode layer and the through-hole 
of the second electrode layer, to form in the second elec- 
trode layer a second hole continuous to the through-hole 
of the second insulating layer and having a planar shape 
being substantially the same as that of the opening of 
the third electrode layer. 

In the field emission element of the present inven- 


tion, as described above, a first electrode is laminated 
on a second electrode through an insulating layer, and 
a hole having a planar shape corresponding to that of 
an opening provided in the first electrode is provided in 

5 the second electrode, whereby electrons are emitted 
from an upper edge portion of the second electrode con- 
stituting the hole. 

Accordingly, a distance between the opening por- 
tion of the first electrode and the field emission portion 

to of the second electrode can be simply, uniformly con- 
trolled only by adjustment of a thickness of the insulating 
layer therebetween. As a result, the field emission ele- 
ment of the present invention can be suitably used as 
an electron source for drive of a display having a large- 
ss sized screen. 

In the field emission element of the present inven- 
tion, since the hole of the second electrode can be 
formed in self-alignment to the opening of the first elec- 
trode, the fabrication method of the field emission ele- 

20 rnent can be significantly simplified. Also, since there is 
no need of peeling of a metal vapor-deposition film as 
in a related art Spindttype element, it is possible to elim- 
inate the problem of contamination of the element due 
to peeling of the metal vapor-deposition film, and hence 

25 to improve the fabricating yield. 

According to the field emission element of the 
present invention, the emission efficiency of electrons 
from the second electrode can be improved by using as 
a second gate electrode a third electrode provided on 

so the second electrode opposite to the first electrode or 
using as a second gate electrode a conductive substrate 
or semiconductor substrate provided on the second 
electrode opposite to the first electrode. As a result, the 
field emission element of the present invention can be 

35 driven at a lower voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a structure of a 
40 field emission element in accordance with a first 
embodiment of the present invention; 
Fig. 2 is a perspective view showing an opening 
shape of a gate electrode of the field emission ele- 
ment in the first embodiment of the present inven- 
45 tion; 

Fig. 3 is a sectional view illustrating an edge angle 
of the f ield emission element in the first embodiment 
of the present invention; 

Figs. 4A to 4D are sectional views showing sequen- 
ce tial steps of fabricating the field emission element 
in the first embodiment of the present invention; 
Fig. 5 is a schematic view showing an experimental 
result of simulating emission of electrons from the 
field emission element in the first embodiment of the 
55 present invention; 

Figs. 6A and 6B are views prepared on the basis of 
electron-microscopic photographs for a field emis- 
sion element in which an edge of a cathode elec- 
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trode is substantially upright and a field emission 
element in which an edge portion of a cathode elec- 
trode is tapered, respectively; 
Fig. 7 is a sectional view showing a structure of a 
field emission element in accordance with a second s 
embodiment of the present invention; 
Fig. 8 is a sectional view showing a structure of a 
field emission element in accordance with a third 
embodiment of the present invention; 
Figs. 9A to 9E are sectional views showing sequen- 10 
tial steps of fabricating the field emission element 
in the third embodiment of the present invention; 
Fig. 10 is a sectional view showing a structure of a 
field emission element in a fourth embodiment of 
the present invention; 15 
Fig. 11 is a sectional view showing a structure of a 
field emission element in accordance with a fifth 
embodiment of the present invention; 
Fig. 12 is a sectional view showing a structure of a 
field emission element in accordance with a sixth 20 
embodiment of the present invention; 
Figs. 1 3A to 1 3D are sectional views showing se- 
quential steps of fabricating the field emission ele- 
ment in the sixth embodiment of the present inven- 
tion; 25 
Fig. 14 is a sectional view showing a structure of a 
field emission element in accordance with a sev- 
enth embodiment of the present invention; 
Fig. 15 is a sectional view showing a structure of a 
field emission element of an eighth embodiment of 30 
the present invention; 

Figs. 16A and 16B are a sectional view and an ex- 
ploded view showing a structure of a field emission 
element in accordance with a ninth embodiment of 
the present invention; 35 
Fig. 17 is a perspective view showing an opening 
shape of a gate electrode of the field emission ele- 
ment in the ninth embodiment of the present inven- 
tion; 

Figs. 18A-1 to 18C-2 are sectional views and plan 40 
views showing sequential steps of fabricating the 
field emission element in the ninth embodiment of 
the present invention; 

Fig. 1 9 is a sectional view showing a structure of a 
field emission element in accordance with the tenth 45 
embodiment of the present invention; 
Fig. 20 is a sectional view showing a structure of a 
field emission element in accordance with an elev- 
enth embodiment of the present invention; 
Fig. 21 is a sectional view showing a structure of a so 
field emission element in accordance with a twelfth 
embodiment of the present invention; 
Fig. 22 is a sectional view showing a structure of a 
field emission element in accordance with a thir- 
teenth embodiment of the present invention; 55 
Fig. 23 is a sectional view showing a structure of a 
field emission element in accordance with a four- 
teenth embodiment of the present invention; 


Figs. 24 A to 24F are sectional views showing se- 
quential steps of fabricating the field emission ele- 
ment in the fourteenth embodiment of the present 
invention; 

Fig. 25 is a sectional view showing a structure of a 
field emission element in accordance with a fif- 
teenth embodiment of the present invention; 
Fig. 26 is a sectional view showing a structure of a 
field emission element in accordance with a six- 
teenth embodiment of the present invention; 
Figs. 27 A to 27C are sectional views showing se- 
quential steps of fabricating a related art Spindt type 
field emission element; 

Figs. 28A and 28B are sectional views, continuous 
from Figs. 27 A to 27C, showing sequential steps of 
fabricating the related art Spindt type field emission 
element; and 

Fig. 29 is a schematic sectional view showing an 
essential portion of a FED in which the related art 
Spindt type field emission element is used as an 
electron source for drive of the FED. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, preferred embodiments of the present 
invention will be described with reference to the accom- 
panying drawings. 

Embodiment 1 

Fig. 1 shows a sectional structure of a field emission 
element in accordance with a first embodiment of the 
present invention; and Fig. 2 shows an opening shape 
of a gate electrode of the field emission element shown 
in Fig. 1 . In addition, Fig. 1 is the sectional view taken 
on line l-l of Fig. 2. 

First, a method of fabricating the field emission el- 
ement in accordance with the first embodiment will be 
described with reference to Figs. 4A to 4D. 

As shown in Fig. 4A, a cathode electrode 2 having 
a specific pattern, made from a metal material such as 
W, Nb, Ta, Mo or Cr or a semiconductor material such 
as diamond, is formed on an insulating substrate 1 rep- 
resented by a glass substrate to a thickness of about 50 
to 300 nm by CVD (Chemical Vapor Deposition) or sput- 
tering. An insulating layer 3 made from silicon oxide, sil- 
icon nitride or the like is formed on the cathode electrode 
2 to a thickness of about 200 nm to 1 nm by CVD. A gate 
electrode 4 made from a metal material such as W, Nb, 
Ta, Mo or Cr is formed on the insulating layer 3 to a thick- 
ness of about 50 to 300 nm by CVD or sputtering, and 
the gate electrode 4 is then processed into a specific 
pattern crossing the pattern of the cathode electrode 2. 

A resist film 5 is formed on the gate electrode 4, and 
an opening 6 having a specific shape is formed in the 
resist film 5 by photolithography. The opening 6 has the 
same shape as that of an opening which will be formed 
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later in the gate electrode 4. For example, the opening 

6 is formed into a rectangular shape having a long side 
of about 1 to 200 pm or an elliptic shape having a major 
axis of about 1 to 200 ujti. Of course, the opening 6 may 
be formed into a shape different from the rectangular or 
elliptic shape. 

As shown in Fig. 4B, the gate electrode 4 is etched 
using the resist film 5 having the opening 6 as an etching 
mask by RIE (Reactive Ion Etching), to form in the gate 
electrode 4 an opening 7 having a shape corresponding 
to that of the opening 6 formed in the resist film 5. 

As shown in Fig. 4C, the insulating layer 3 is etched 
through the opening 6 of the resist film 5 and the opening 

7 of the gate electrode 4 by RIE or by use of hydrofluoric 
acid, to form in the insulating layer 3 a through-hole 8 
reaching the cathode electrode 2. At this time, the insu- 
lating layer 3 is side-etched somewhat, so that as shown 
in Fig. 4C, the through-hole 8 is slightly wider than the 
opening 7 of the gate electrode 4. 

As shown in Fig. 4D, the cathode electrode 2 is 
etched by RIE, through the opening 6 of the resist film 
5, the opening 7 of the gate electrode 4, and the through- 
hole 8 of the insulating layer 3, to form a hole 9 in the 
cathode electrode 2. At this time, since the etching (RIE 
in this embodiment) for the cathode electrode 2 is strong 
in anisotropy, the hole 9 is formed into a planar shape 
being substantially the same as that of the opening 7 of 
the gate electrode 4, and further, an edge of an upper 
edge portion of the cathode electrode 2 at the hole 9 
portion is formed into an approximately upright shape. 

At this time, since the through-hole 8 of the insulat- 
ing layer 3 is slightly wider than the opening 7 of the gate 
electrode 4 as described above, the upper edge portion 
(as a field emission portion) of the cathode electrode 2 
at the hole 9 portion is exposed in the through-hole 8 of 
the insulating layer 3. In addition, the insulating layer 3 
may be then wet-etched using hydrofluoric acid so that 
the upper edge portion of the cathode electrode 2 at the 
hole 9 portion is certainly exposed. It is preferable that 
the upper edge portion of the cathode electrode 2 be 
exposed a distance of about 0.3 u,m or more from the 
insulating layer 3. 

As indicated by a chain line 10 of Fig. 1 , the insu- 
lating layer 3 can be side-etched into an inverse-taper 
shape by adjusting a vacuum degree of a CVD system 
upon formation of the insulating layer 3 such that a de- 
gree of adhesion between the cathode electrode 2 and 
the insulating layer 3 is poor. The formation of such an 
inverse-taper shape of the insulating layer 3 allows the 
upper edge portion of the cathode electrode 2 at the hole 
9 portion to be more certainly exposed in the through- 
hole 8 of the insulating layer 3. 

In addition, not only the hole 9 passing through the 
cathode electrode 2 as shown in Fig. 4D but also a re- 
cessed hole not passing through the cathode electrode 
2 may be formed in the cathode electrode 2. In this spec- 
ification, a through-hole and a recessed hole are re- 
ferred to generally as "holes". 


The resist film 5 is then removed by ashing or the 
like, to obtain a structure shown in Figs. 1 and 2. 

In the case where such a field emission element is 
used as an electron source for drive of a FED shown in 
s Fig. 29, a plurality of the structures shown in Figs. 1 and 
2 are arranged in a matrix pattern corresponding to a 
matrix pattern of pixels of the FED. 

As shown in Fig. 1 , according to the first embodi- 
ment, the opening 7 of the gate electrode 4 Is opposed 
to the upper edge portion of the cathode electrode 2 at 
the hole 9 portion with a specific distance put therebe- 
tween. Accordingly, as shown in Fig. 1 , when a voltage 
Vg is applied between the cathode electrode 2 and the 
gate electrode 4, there occurs concentration of elec- 
trons at the edge of the upper edge portion of the cath- 
ode electrode 2, to allow electrons to be emitted from 
the edge. 

At this time, since the hole 9 of the cathode elec- 
trode 2 is formed in self-alignment into the shape being 
substantially the same as that of the opening 7 of the 
gate electrode 4, the distance between the gate elec- 
trode 4 and the upper edge portion of the cathode elec- 
trode 2 can be relatively easily, uniformly controlled only 
by adjustment of the thickness of the insulating layer 3. 

Fig. 5 shows a result of simulating the above field 
emission. For example, when a voltage of Vg = 60 to 
120 V is applied, equi-potential surfaces 10 are formed 
as shown in the figure, and electrons 11 are emitted from 
the upper edge portion of the cathode electrode 2 at 
which there occurs concentration of electric field. While 
the figure depicts the electrons 11 emitted only from one 
side of the upper edge portion of the cathode electrode 
2, the electrons are actually emitted from the other side 
of the upper edge portion of the cathode electrode 2. 

In this way, to efficiently emit electrons from the up- 
per edge portion of the cathode electrode 2 opposed to 
the opening 7 of the gate electrode 4, the sectional 
shape of the upper edge portion of the cathode elec- 
trode 2 is important. 

As shown in Fig. 3, the edge angle 6 of the upper 
edge portion of the cathode electrode 2 may be approx- 
imately 90°. If the edge angle is on the obtuse angle 
side, for example 01 or on the acute angle side, for ex- 
ample 62 as shown in 

Fig. 3, the emission efficiency of electrons is re- 
duced. In order to obtain a desired emission efficiency 
of electrons, the edge angle 6 of the upper edge portion 
is preferably in a range of 80 to 100°. 

The edge angle 6 of approximately 90° can be ob- 
tained by forming the hole 9 of the cathode electrode 2 
by etching with strong anisotropy, just as in the above- 
described fabrication method. 

Figs. 6A and 6B are views depicted based on sec- 
tional SEM photographs of an inventive sample of the 
field emission element and a comparative sample, re- 
spectively. 

The inventive sample is prepared as follows. A hole 
pattern as an opening pattern is formed in a resist at a 
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position where a gate electrode crosses a cathode elec- 
trode through an insulating layer. At this time, a side wall 
of the resist in the hole pattern is formed to be upright. 
Then, the gate electrode made from Cr is etched using 
a mixed gas of Cl 2 and 0 2 at an RF power of 200 W and 
a pressure of 1 0 Pa; the insulating layer made from S\0 2 
is etched using a mixed gas of CHF 3 and 0 2 at an RF 
power of 200 W and a pressure of 5 Pa; and the cathode 
electrode made from W is etched using SF 6 at a RF pow- 
er of 200 W and a pressure of 5 Pa. Then, the side wall 
of the insulating layer is etched by hydrofluoric acid, to 
expose an edge portion of the cathode electrode, fol- 
lowed by removal of the resist. 

The view based on the sectional SEM photograph 
of the inventive sample thus prepared is shown in Fig. 
6A, in which the edge of the upper edge portion of the 
cathode electrode is formed substantially at a right an- 
gle. 

In addition, Fig. 6B shows a view based on the sec- 
tional SEM photograph of a comparative sample in 
which an exposed end surface of the cathode electrode 
is tapered (that is, the edge angle of the upper edge por- 
tion of the cathode electrode is on the obtuse angle 
side). The structure shown in Fig. 6B is proved to fc*e 
relatively poor in emission efficiency of electrons. 

As described above, the field emission element in 
accordance with the first embodiment is allowed to effi- 
ciently emit electrons with a relatively simple structure 
in which holes are continuously formed in the gate elec- 
trode 4, insulating layer 3, and cathode electrode 2. Fur- 
ther, since the distance between the gate electrode 4 
and the upper edge portion (as the field emission por- 
tion) of the cathode electrode 2 at the hole 9 portion is 
relatively easily, uniformly controlled only by adjustment 
of the thickness of the insulating layer 3, the field emis- 
sion element in this embodiment can be suitably used 
for a large-area display. 

In the field emission element in this embodiment, 
there is no need of peeling a metal vapor-deposition lay- 
er upon fabrication of the element as in the related art 
method. As a result, it is possible to eliminate the prob- 
lem ol contamination ol the element due to peeling of 
the metal vapor-deposition film, and hence to improve 
the fabricating yield resulting in the reduced cost. 

Further, in the field emission element in this embod- 
iment, since the distance between the gate electrode 4 
and the upper edge portion (as the field emission por- 
tion) of the cathode electrode 2 at the hole 9 portion is 
controlled only by adjustment of the thickness of the in- 
sulating film 3, the design of the field emission element 
can be easily changed only by varying the thickness of 
the insulating layer 3. This makes it possible to improve 
a degree of freedom of the design of the field emission 
element. 

In the first embodiment, the positional relationship 
between the gate electrode 4 and the cathode electrode 
2 may be reversed to that in the embodiment. To be 
more specific, the gate electrode 4 may be formed on 


the substrate 1 side and the cathode electrode 2 may 
be laminated on the gate electrode 4 through the insu- 
lating layer 3. In this case, electrons emitted from the 
cathode electrode 2 are directed to the substrate 1 side, 
5 and accordingly, for example, the field emission element 
may be configured in such a manner that the electrons 
collide with a phosphor screen provided on the back side 
of the substrate 1 through a through-hole 12 (indicated 
by a chain line in Fig. 1 ) provided in the substrate 1 . 

10 

Embodiment 2 

Fig. 7 shows a sectional structure of a field emission 
element in accordance with a second embodiment of the 

?5 present invention. In this embodiment, parts corre- 
sponding to those in the first embodiment are indicated 
by the same characters as those in the first embodiment. 

As shown in Fig. 7. in accordance with this embod- 
iment, a laminated structure having a cathode electrode 

20 2, an insulating layer 3, and a gate electrode 4, which 
structure is the same as that in the first embodiment, is 
formed on a conductive substrate 1 3 made from a metal 
or a semiconductor substrate 13 made from silicon 
through an insulating layer 1 4. As a result, the field emis- 

25 sion element in this embodiment exhibits a function and 
an effect which are substantially the same as those in 
the first embodiment. 

According to the second embodiment, the field 
emission element can be formed in a on-chip manner, 

30 and for example, the field emission element can be of a 
one-chip structure with a control circuit or the like of a 
FED. 

Embodiment 3 

3$ 

Fig. 8 shows a sectional structure of a field emission 
element in accordance with a third embodiment of the 
present invention. In this embodiment, parts corre- 
sponding to those in the first and second embodiments 
<o are indicated by the same characters as those in the first 
and second embodiments. 

As shown in Fig. 8, in this embodiment, a hole 1 5 
is formed, in an insulating layer 14 being the same as 
the insulating layer 14 in the second embodiment, at a 
*s position under a hole 9 of a cathode electrode 2. With 
this configuration, equi-potential surfaces due to an 
electric field from the gate electrode 4 are formed sub- 
stantially uniformly even on the lower side of the cathode 
electrode 2, to thereby improve the emission efficiency 
so of electrons. 

The hole 15 formed in the insulating layer 14 may 
be a hole not passing through the insulating layer 14. 

In accordance with this embodiment, like the first 
embodiment, the positional relationship between the 
55 gate electrode 4 and the cathode electrode 2 may be 
reversed to that in this embodiment. 

Next, a method of fabricating the structure in the 
third embodiment will be described with reference to 
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Figs. 9A to 9E. 

As shown in Fig. 9A, an insulating layer 14 made 
from silicon oxide, silicon nitride or the like is formed by 
C VD on a conductive substrate 1 3 made from a metal 
or a semiconductor substrate 1 3 made from single crys- s 
tal silicon to a thickness of about 200 nm to 1 um A 
cathode electrode 2, having a specific pattern, made 
from a metal material such as W, Nb, Ta, Mo or Cr or a 
semiconductor material such as diamond, is formed by 
CVD or sputtering on the insulating layer 14 to a thick- 10 
ness of about 50 to 300 nm. An insulating layer 3 made 
from silicon oxide, silicon nitride or the like is formed by 
CVD on the cathode electrode 2 to a thickness of about 
200 nm to 1 um. A gate electrode 4 made from a metal 
material such as W, Nb, Ta, Mo or Cr is formed by CVD is 
or sputtering on the insulating layer 3 to a thickness of 
about 50 to 300 nm, and then processed into a specific 
pattern crossing the pattern of the cathode electrode 2. 

A resist film 5 is formed on the gate electrode 4, and 
an opening 6 having a specific shape is formed in the 
resist film 5 by photolithography. 

As shown in Fig. 9B, the gate electrode 4 is etched 
by RIE using the resist film 5 having the opening 6 as 
an etching mask, to form in the gate electrode 4 an open- 
ing 7 having a shape corresponding to that of the open- 25 
ing 6 of the resist film 5. 

As shown in Fig. 9C, the insulating film 3 is etched 
by Rl E or by use of hydrofluoric acid through the opening 
6 of the resist film 5 and the opening 7 of the gate elec- 
trode 4, to form in the insulating film 3 a through-hole 8 30 
reaching the cathode electrode 2. At this time, the insu- 
lating film 3 is side-etched somewhat, so that as shown 
in Fig. 9C, the through-hole 8 is slightly wider than the 
opening 7 of the gate electrode 4. 

As shown in Fig. 9D, the cathode electrode 2 is 3s 
etched by RIE through the opening 6 of the resist film 5, 
the opening 7 of the gate electrode 4, and the through- 
hole 8 of the insulating layer 3, to form a hole 9 in the 
cathode electrode 2. At this time, since the etching (RIE 
in this embodiment) for the cathode electrode 2 is strong <o 
in anisotropy, the hole 9 is formed into a planar shape 
being substantially the same as that of the opening 7 of 
the gate electrode 4, and further, an edge of an upper 
edge portion of the cathode electrode 2 at the hole 9 
portion is formed into an approximately upright shape. *s 

A structure equivalent to the structure in the second 
embodiment shown in Fig. 7 is obtained by the above 
steps shown in Figs. 9A to 9D. 

Next, as shown in Fig. 9E, the insulating layer 14 is 
etched by RIE or by use of hydrofluoric acid through the so 
opening 6 of the resist film 5, the opening 7 of the gate 
electrode 4, the though-hole 8 of the insulating layer 3, 
and the hole 9 of the cathode electrode 2, to form a hole 
1 5 in the insulating layer 1 4. At this time, the insulating 
layer 14 is side-etched somewhat, so that as shown in ss 
Fig. 9E, the hole 15 is slightly wider than the hole 9 of 
the cathode electrode 2. 

The resist film 5 is then removed by ashing or the 


like, to thus obtain a structure in the third embodiment 
shown in Fig. 8. 

Embodiment 4 

Fig. 10 shows a sectional structure of a field emis- 
sion element in accordance with a fourth embodiment 
of the present invention. In this embodiment, parts cor- 
responding to those In the first embodiment are indicat- 
ed by the same characters as those in the first embod- 
iment. 

As shown in Fig. 10, in this embodiment, a second 
gate electrode 16 made from a metal material such as 
W, Nb, Ta, Mo or Cr is provided on an insulating sub- 
strate 1 , and a laminated structure having a cathode 
electrode 2, an insulating layer 3 and a gate electrode 
4. which structure is the same as that in the first embod- 
iment, is formed on the second gate electrode 16 
through an insulating layer 17. 

In the fourth embodiment, to emit electrons from the 
cathode electrode 2, as shown in Fig. 10, a specific volt- 
age Vg'(0 < I Vg' I 3 Vg I ) is applied even between the 
cathode electrode 2 and the second gate electrode 16 
in the direction in which the second gate electrode 16 
acts as an anode and the cathode electrode 2 acts as 
a cathode. With this configuration, the emission efficien- 
cy of electrons from the cathode electrode 2 is improved, 
and the electrons in a large amount emitted from the 
cathode electrode 2 are introduced to a phosphor 
screen by an electric field generated between the cath- 
ode electrode 2 and an anode (not shown in Fig. 1 0: see 
Fig. 29) of a FED. Accordingly the field emission ele- 
ment in this embodiment makes it possible to drive the 
FED at a lower voltage applied to the field emissic 
ement. 

Embodiment 5 

Fig. 11 shows a sectional structure of a field emis- 
sion element in accordance with a fifth embodiment of 
the present invention. In this embodiment, parts corre- 
sponding to those in the first and fourth embodiment are 
indicated by the same characters as those in the first 
and fourth embodiments. 

As shown in Fig. 11, in this embodiment, a hole 18 
is formed, in an insulating layer 17 which Is the same as 
the insulating layer 17 in the fourth embodiment, at a 
position under a hole 9 of a cathode electrode 2. With 
this configuration, equi-potential surfaces due to an 
electric field from the gate electrode 4 and the second 
gate electrode 16 are formed substantially uniformly 
even on the lower side of the cathode electrode 2, to 
thus improve the emission efficiency of electrons. 

In addition, the hole 1 8 formed in the insulating layer 
1 7 may be a hole not passing through the insulating lay- 
er 17. 


8 


15 


EP 0 871 195 A1 


16 


Embodiment 6 

Fig. 12 shows a sectional structure of a field emis- 
sion element in accordance with a sixth embodiment of 
the present invention. In this embodiment, parts corre- 
sponding to those in the first, fourth and fifth embodi- 
ments are indicated by the same characters as those in 
the first, fourth and fifth embodiments. 

As shown in Fig. 12, in this embodiment, a hole 19 
continuous to a hole 18 of an insulating layer 17 is 
formed even in a second gate electrode 1 6 which is the 
same as the second gate electrode 1 6 in the fifth em- 
bodiment. With this configuration, structures on the up- 
per and lower sides of the cathode electrode 2 are sub- 
stantially symmetric each other, so that equi-potential 
surfaces due to an electric field from the gate electrode 
4 and the second gate electrode 1 6 are formed substan- 
tially symmetrically on the upper end lower sides of the 
cathode electrode 2, to thus improve the emission effi- 
ciency of electrons. 

In addition, the hole 1 9 formed in the second gate 
electrode 1 6 may be a hole not passing through the sec- 
ond gate electrode 16. 

Next, a method of fabricating the field emission el- 
ement in the sixth embodiment will be described with 
reference to Figs. 13Ato 13D. 

First, as shown in Fig. 1 3A, a second gate electrode 
1 6, having a specific pattern, made from a metal mate- 
rial such as W, Nb, Ta, Mo or Cr, is formed by CVD or 
sputtering on an insulating substrate 1 represented by 
a glass substrate to a thickness of about 50 to 300 nm. 
An insulating layer 17 made from silicon oxide, silicon 
nitride or the like is formed by CVD on the second gate 
electrode 16 to a thickness of about 200 nm to 1 nm. A 
cathode electrode 2, having a specific pattern, made 
from a metal material such as W, Nb, Ta, Mo or Cr or a 
semiconductor material such as diamond is formed by 
CVD or sputtering on the insulating layer 17 to a thick- 
ness of 50 to 300 nm. An insulating layer 3 made from 
silicon oxide, silicon nitride or the like is formed by CVD 
on the cathode electrode 2 to a thickness of 200 nm to 
1 urn. A gate electrode 4 made from a metal material 
such as W, Nb, Ta, Mo or Cr is formed by CVD or sput- 
tering on the insulating layer 3 to a thickness of 50 to 
300 nm, and the gate electrode 4 is then processed into 
a specific pattern crossing the pattern of the cathode 
electrode 2. 

A resist film 5 is formed on the gate electrode 4, and 
an opening 6 having a specific shape is formed in the 
resist film 5 by photolithography. 

As shown in Fig. 13B, the gate electrode 4 is etched 
by RIE using the resist film 5 having the opening 6 as 
an etching mask, to form in the gate electrode 4 an open- 
ing 7 having a shape corresponding to that of the open- 
ing 6 of the resist film 5. The insulating layer 3 is etched 
by RIE or by use of hydrofluoric acid through the opening 
6 of the resist film 5 and the opening 7 of the gate elec- 
trode 4, to form in the insulating layer 3 a through-hole 


B reaching the cathode electrode 2. At this time, the in- 
sulating layer 3 is side-etched somewhat, so that as 
shown in Fig. 13B, the through-hole 8 is slightly wider 
than the opening 7 of the gate electrode 4. Then, the 
s cathode electrode 2 is etched by Rl E through the open- 
ing 6 of the resist film 5, the opening 7 of the gate elec- 
trode 4, and the through-hole 8 of the insulating layer 3, 
to form a hole 9 in the cathode electrode 2. At this time, 
since the etching (RIE in this embodiment) for the cath- 
10 ode electrode 2 Is strong in anisotropy, the hole 9 is 
formed into a planar shape being substantially the same 
as that of the opening 7 of the gate electrode 4, and 
further, an edge of an upper edge portion of the cathode 
electrode 2 at the hole 9 portion is formed into an ap- 
t£ proximately upright shape. 

A structure equivalent to the structure described in 
the fourth embodiment shown in Fig. 10 is obtained by 
the above steps shown in Figs. 13A and Fig. 13B. 

Next, as shown in Fig. 13C, the insulating layer 17 
is etched by RIE or by use of hydrofluoric acid through 
the opening 6 of the resist film 5, the opening 7 of the 
gate electrode 4, the through-hole 8 of the insulating lay- 
er 3, and the hole 9 of the cathode electrode 2, to form 
a hole 18 in the insulating layer 17. At this time, the in- 
sulating layer 17 is side-etched somewhat, so that as 
shown in Fig. 13C, the hole 18 is slightly wider than the 
hole 9 of the cathode electrode 2. 

A structure equivalent to the structure described in 
the fifth embodiment shown in Fig. 11 is obtained by the 
steps shown in Figs. 1 3A, 1 3B and 1 3C. 

Next, as shown in Fig. 13D, the second gate elec- 
trode 16 is etched by RIE through the opening 6 of the 
resist film 5, the opening 7 of the gate electrode 4, the 
through-hole 8 of the insulating layer 3, the hole 9 of the 
cathode electrode 2, and the hole 18 of the insulating 
layer 17, to form a hole 1 9 in the second gate electrode 
16. At this time, since the etching (RIE in this embodi- 
ment) for the second gate electrode 16 is strong in ani- 
sotropy, the hole 1 9 is formed into a planar shape being 
substantially the same as those of the opening 7 of the 
gate electrode 4 and the hole 9 of the cathode electrode 
2. 

The resist film 5 is then removed by ashing or the 
like, to obtain a structure in the sixth embodiment shown 
in Fig. 12. 

Embodiment 7 

Fig. 14 shows a sectional structure of a field emis- 
sion element in accordance with a seventh embodiment 
of the present invention. In this embodiment, parts cor- 
responding to those in the second embodiment are in- 
dicated by the same characters as those in the second 
embodiment. 

As shown in Fig. 14, in the seventh embodiment 
whose configuration is similar to that of the second em- 
bodiment shown in Fig. 7, the second gate electrode 16 
in the fourth, fifth and sixth embodiment is replaced with 
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the conductive substrate or semiconductor substrate 
13. In this embodiment, to emit electrons from the cath- 
ode electrode 2, a specific voltage Vg*(0 < I Vg' I S I Vg 
I ) is applied even between the cathode electrode 2 and 
the substrate 1 3 in the direction in which the substrate 
13 acts as an anode and the cathode electrode 2 acts 
as a cathode. With this configuration, the emission effi- 
ciency of electrons from the cathode electrode 2 is im- 
proved, and a large amount of the electrons emitted 
from the cathode electrode 2 are introduced to a phos- 
phor screen by an electric field between the cathode 
electrode 2 and an anode (not shown in the figure: see 
Fig. 29) of a FED. 

Accordingly, in this embodiment, the same effect as 
that in the fourth embodiment can be obtained without 
provision of the second gate electrode. 

Embodiment 8 

Fig. 1 5 shows a sectional structure of a field emis- 
sion element in accordance with an eighth embodiment 
of the present invention. In this embodiment, parts cor- 
responding to those in the third embodiment are indicat- 
ed by the same characters as those in the third embod- 
iment. 

As shown in Fig. 15, in the eighth embodiment 
whose configuration is similar to that in the third embod- 
iment shown in Fig. 8, the second gate electrode 16 in 
the fourth, fifth, and sixth embodiments is replaced with 
the conductive substrate or semiconductor substrate 
1 3. In this embodiment, to emit electrons from the cath- 
ode electrode 2, a specific voltage Vg'(0 < I Vg* I S I Vg 
I ) is applied even between the cathode electrode 2 and 
the substrate 1 3 in the direction in which the substrate 
1 3 acts as an anode and the cathode electrode 2 acts 
as a cathode. With this configuration, the emission effi- 
ciency of electrons from the cathode electrode 2 is im- 
proved, and a large amount of the electrons emitted 
from the cathode electrode 2 are introduced to a phos- 
phor screen by an electric field between the cathode 
electrode 2 and an anode (not shown in the figure: see 
Fig. 29) of a FED. 

Accordingly, in this embodiment, the same effect as 
that in the fifth embodiment can be obtained without pro- 
vision of the second gate electrode. 

Embodiment 9 

Figs. 1 6A and 1 6B each shows a sectional structure 
of a field emission element in accordance with a ninth 
embodiment of the present invention, and Fig. 1 7 shows 
an opening shape of a gate electrode of the field emis- 
sion element shown in Figs. 16A and 16B. In addition, 
Fig. 1 6A is a sectional view taken on line XVI-XVI of Fig. 
1 7. In this embodiment, parts corresponding to those in 
the first embodiment are indicated by the same charac- 
ters as those in the first embodiment. 

First, a method of fabricating the field emission el- 


ement in accordance with the ninth embodiment will be 
described with reference to Figs. 18A-1 to 18C-2. 

As shown in Fig. 18A-1 , a cathode electrode 2, hav- 
ing a specific pattern, made from a metal material such 
s as W, Nb, Ta, Mo or Cr or a semiconductor material such 
as diamond, is formed by CVD or sputtering on an insu- 
lating substrate 1 represented by a glass substrate to a 
thickness of about 50 to 300 nm. 

Next, in this embodiment, a resist film 20 is fonmed 
io on the cathode electrode 2, and an opening 21 having 
a specific shape, for example, a rectangular shape 
shown in Fig. 18A-2 is formed in the resist film 20 by 
photolithography. The cathode electrode 2 is etched by 
RIE using the resist film 20 having the opening 21 as an 
*5 etching mask, to form in the cathode electrode 2 a hole 
9a having a shape corresponding to that of the opening 
21 of the resist film 20. At this time, since the etching 
(RIE in this embodiment) for the cathode electrode 2 is 
strong in anisotropy, an edge of an upper edge portion 
20 of the cathode electrode 2 at the hole 9a portion is 
formed into an approximately upright shape. 

As shown h Fig. 18B-1, after the resist film 20 is 
removed, an insulating film 3 made from silicon oxide, 
silicon nitride or the like is formed on the cathode elec- 
ts trode 2 by CVD to a thickness of about 200 nm to 1 jim. 
A gate electrode 4 made from a metal material such as 
W, Nb, Ta, Mo or Cr is formed on the insulating layer 3 
by CVD or sputtering to a thickness of about 50 to 300 
nm, and the gate electrode 4 is processed into a specific 
30 pattern crossing the pattern of the cathode electrode 2. 
A resist film 5 is formed on the gate electrode 4, and 
an opening 6 having a specific shape is formed in the 
resist film 5 by photolithography. At this time, the open- 
ing 6 is formed into a rectangular shape which crosses 
35 the hole 9a of the cathode electrode 2, as shown by the 
plan view of Fig. 18B-2. 

As show in Fig. 18C-1, the gate electrode 4 is 
etched by RIE using the resist film 5 having the opening 
6 as an etching mask, to form in the gate electrode 4 an 
40 opening 7 having a shape corresponding to that of the 
opening 6 of the resist film 5. The insulating layer 3 is 
etched by RIE or by use of hydrofluoric acid through the 
opening 6 of the resist film 5 and the opening 7 of the 
gate electrode 4, to form in the insulating layer 3 a 
45 through-hole 8 reaching the cathode electrode 2 at a po- 
sition not shown (see Fig. 16A). In addition, Fig. 18C-1 
shows the cross-section of a portion of the cathode elec- 
trode 2 at the hole 9a portion, at which the through-hole 
8 of the insulating layer 3 reaches the insulating sub- 
50 strata 1 . At this time, the insulating layer 3 is side-etched 
somewhat, so that as shown in Fig. 18C-1 , the though- 
hole 8 is slightly wider than the opening 7 of the gate 
electrode 4. 

Then, the cathode electrode 2 exposed in theopen- 
55 jng 6 of the resist film 5, the opening 7 of the gate elec- 
trode 4 and the through-hole 8 of the insulating layer 3 
are etched by RIE through the openings 6, 7 and 8, to 
form in the cathode electrode 2 a hole 9b having a planar 
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shape being substantially the same as that of the open- 
ing 7 of the gate electrode 4 as shown in Fig. 18C-2. A 
nearly crossed hole composed of the holes 9a and 9b 
is thus formed in the cathode electrode 2, as shown in 
Fig. 16B. At this time, since the etching (RIE in this em- 
bodiment) for the cathode electrode 2 is strong in ani- 
sotropy, the hole 9b is formed into a planar shape being 
substantially the same as that of the opening 7 of the 
gate electrode 4, and further, an edge of an upper edge 
portion of the cathode electrode 2 at the hole 9 portion 
is formed into an approximately upright shape. 

At this time, as described above, since the through- 
hole 8 of the insulating layer 3 is slightly wider than the 
opening 7 of the gate electrode 4, like the first embodi- 
ment, the upper edge portion of the cathode electrode 
2 at the hole 9b portion is exposed in the through-hole 
8 of the insulating layer 3, To be more specific, in the 
ninth embodiment, as shown in Fig. 16 A, corners at 
which the hole 9a crosses the hole 9b are exposed in 
the through-hole 8 of the insulating layer 3. Since each 
corner has angles not only in the cross-sectional direc- 
tion but also in the planar direction of the cathode elec- 
trode 2, there easily occurs concentration of an electric 
field, thereby allowing electrons to be efficiently emitted 
from the corners. 

In addition, each of the holes 9a and 9b formed in 
the cathode electrode 2 may be a hole not passing 
through the cathode electrode 2. 

The shape of each of the holes 9a and 9b is not 
limited to a rectangular shape shown in the figure, and 
may be variously changed, for example, into an elliptic 
shape insofar as comers are formed at positions at 
which the hole 9a crosses the hole 9b. 

The resist film 5 is then removed by ashing or the 
like, to obtain a structure shown in Figs. 16A and 16B. 

In the ninth embodiment, since electrons are emit- 
ted from the corners, of the cathode electrode 2, having 
angles not only in the cross-sectional direction but also 
in the planar direction of the cathode electrode 2, the 
emission efficiency of electrons is improved, with a re- 
sult that the field emission element in this embodiment 
can be driven at a lower voltage. 

Embodiment 10 

Fig. 19 shows a sectional structure of a field emis- 
sion element in accordance with the tenth embodiment 
of the present invention. In this embodiment, parts cor- 
responding to those in the second and ninth embodi- 
ments are indicated by the same characters as those in 
the second and ninth embodiments. 

As shown in Fig. 19, in accordance with the tenth 
embodiment, like the second embodiment shown in Fig. 
7, a laminated structure of a cathode electrode 2, an in- 
sulating layer 3, and a gate electrode 4, which structure 
is the same as that in the ninth embodiment, is formed 
on a conductive substrate 13 made from a metal or a 
semiconductor substrate 13 made from silicon through 


an insulating layer 1 4. 

Accordingly, the tenth embodiment exhibits both the 
effects in the second and ninth embodiments. 

s Embodiment 11 

Fig. 20 shows a sectional structure of a field emis- 
sion element in accordance with an eleventh embodi- 
ment of the present invention. In this embodiment, parts 
io corresponding to those in the third and tenth embodi- 
ments are indicated by the same characters as those in 
the third and tenth embodiments. 

As shown in Fig. 20, in accordance with this embod- 
iment, a hole 15 which is the same as the hole 15 in the 
is third embodiment shown in Fig. 8 is provided in an in- 
sulating layer 1 4 which is the same as the insulating lay- 
er 14 in the tenth embodiment. 

Accordingly, the eleventh embodiment exhibits both 
the effects in the third and tenth embodiments. 

In addition, the hole 15 formed in the insulating layer 
1 4 may be a hole not passing through the insulating lay- 
er 14. 

Embodiment 12 

Fig. 21 shows a sectional structure of a field emis- 
sion element in accordance with a twelfth embodiment 
of the present invention. In this embodiment, parts cor- 
responding to those in the fourth and ninth embodiments 
are indicated by the same characters as those in the 
fourth and ninth embodiments. 

As shown in Fig. 21 , in accordance with the twelfth 
embodiment, like the fourth embodiment shown in Fig. 
10, a second gate electrode 16 made from a metal ma- 
terial such as W, Nb, Ta, Mo or Cr is provided on an 
insulating substrate 1 , and a laminated structure having 
a cathode electrode 2, an insulating layer 3, and a gate 
electrode 4, which structure is the same as that in the 
ninth embodiment, is formed on the second gate elec- 
trode 16 through an insulating layer 17. 

Accordingly, the twelfth embodiment exhibits both 
the effects of the fourth and ninth embodiments, and 
therefore, the field emission element in this embodiment 
can be driven at a lower voltage. 

Embodiment 13 

Fig. 22 shows a sectional structure of a field emis- 
sion element in accordance with a thirteenth embodi- 
ment of the present invention. In this embodiment, parts 
corresponding to those in the fifth and ninth embodi- 
ments are indicated by the same characters as those in 
the fifth and ninth embodiments. 

As shown in Fig. 22, in accordance with the thir- 
teenth embodiment, like the fifth embodiment shown in 
Fig. 11 , a hole 18 is formed, even in an insulating layer 
17 which is the same as the insulating layer 17 in the 
twelfth embodiment, at a position under holes 9a and 
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9b of a cathode electrode 2. 

Accordingly, the thirteenth embodiment exhibits 
both the effects of the fifth and ninth embodiments. 

In addition, the hole 18 of the insulating layer 17 
may be a hole not passing through the insulating layer 
17. 

Embodiment 14 

Fig. 23 shows a sectional structure of a field emis- 
sion element in accordance with a fourteenth embodi- 
ment of the present invention. In addition, parts corre- 
sponding to those in the sixth and thirteenth embodi- 
ments are indicated by the same characters as those in 
the sixth and thirteenth embodiments. 

As shown in Fig. 23, in accordance with the four- 
teenth embodiment, like the sixth embodiment shown in 
Fig. 1 2, a hole 1 9 continuous to a hole 1 8 of an insulating 
layer 17 is formed in a second gate electrode 16 which 
is the same as the second gate electrode 16 in the thir- 
teenth embodiment. 

Accordingly, the fourteenth embodiment exhibits 
both the effects of the sixth and thirteenth embodiments. 

In addition, the hole 19 formed in the second gate 
electrode 16 may be a hole not passing through the sec- 
ond gate electrode 16. 

Next, a method of fabricating a structure in the four- 
teenth embodiment will be described with reference to 
Figs. 24A to 24F. 

As shown in Fig. 24A, a second gate electrode 16, 
having a specific pattern, made from a metal material 
such as W, Nb, Ta, Mo or Cr, is formed by CVD or sput- 
tering on an insulating substrate 1 represented by a 
glass substrate to a thickness of about 50 to 300 nm. 
An insulating layer 17 made from silicon oxide, silicon 
nitride or the like is formed by CVD on the second gate 
electrode 16 to a thickness of about 200 nm to 1 urn A 
cathode electrode 2, having a specific pattern, made 
from a metal material such as W, Nb, Ta, Mo or Cr or a 
semiconductor material such as diamond is formed on 
the insulating layer 17 to a thickness of about 50 to 300 
nm. 

Next, like the above-described step shown in Figs. 
1 8A-1 and 1 8A-2, a resist film 20 is formed on the cath- 
ode electrode 2, and an opening 21 having a specific 
shape is formed in the resist film 20 by photolithography. 

Then, as shown in Fig. 24B, the cathode electrode 
2 is etched by RIE using the resist film 20 having the 
opening 21 as an etching mask, to form in the cathode 
electrode 2 a hole 9a having a shape corresponding to 
that of the opening 21 of the resist film 20. At this time, 
since the etching (RIE in this embodiment) for the cath- 
ode electrode 2 is strong in anisotropy, an edge of an 
upper edge portion of the cathode electrode 2 at the hole 
9a portion is formed into an approximately upright 
shape- 
As shown in Fig. 24C, an insulating layer 3 made 
from silicon oxide, silicon nitride or the like is formed by 


CVD on the cathode electrode 2 to a thickness of about 
200 nm to 1 urn A gate electrode 4 made from a metal 
material such as W, Nb, Ta, Mo or Cr is formed by CVD 
or sputtering on the insulating layer 3 to a thickness of 

5 about 50 to 300 nm, and the gate electrode 4 is then 
processed into a specific pattern crossing the pattern of 
the cathode electrode 2. 

Next, like the above-described step shown in Figs. 
18B-1 and 18B-2, a resist film 5 is formed on the gate 

10 electrode 4, and an opening 6 having a specific shape 
is formed in the resist film 5 by photolithography. 

Then, as shown in Fig. 24D, the gate electrode 4 is 
etched by RIE using the resist film 5 having the opening 
6 as an etching mask, to form In the gate electrode 4 an 

is opening 7 having a shape corresponding to that of the 
opening 6 of the resist film 5. The insulating layer 3 Is 
etched by RIE or by use of hydrofluoric acid through the 
opening 6 of the resist film 5 and the opening 7 of the 
gate electrode 4, to form in the insulating layer 3 a 

so through-hole 8 reaching the cathode electrode 2 at a po- 
sition not shown. At this time, since the insulating layer 
3 is side-etched somewhat, the through-hole 8 Is slightly 
wider than the opening 7 of the gate electrode 4, as 
shown in Fig. 24D. 

25 Then, the cathode electrode 2 exposed in the open- 
ing 6 of the resist film 5, the opening 7 of the gate elec- 
trode 4, and the through-hole 8 of the insulating layer 3 
is etched by RIE through the opening 6, 7 and 8, to form 
in the cathode electrode 2 a hole 9b having a planar 

30 shape being substantially the same as that of the open- 
ing 7 of the gate electrode 4. That is, a nearly crossed 
hole composed of the holes 9a and 9b is formed in the 
cathode electrode 2. At this time, since the etching (RIE 
in this embodiment) for the cathode electrode 2 is strong 

as in anisotropy, the hole 9b is formed into the planar shape 
being substantially the same as that of the opening 7 of 
the gate electrode 4, and further, an edge of an upper 
edge portion of the cathode electrode 2 at the hole 9b 
portion is formed into an approximately upright shape. 

<o with the above steps shown in Figs. 24A to 24D, a 
structure equivalent to the structure in the twelfth em- 
bodiment shown in Fig. 21 is obtained. 

Next, as shown in Fig. 24E, the insulating layer 17 
is etched by RIE or by use of hydrofluoric acid through 

45 the opening 6 of the resist film 5, the opening 7 of the 
gate electrode 4, the thought-hole 8 of the insulating lay- 
er 3, and the holes 9a and 9b of the cathode electrode 
2, to form a hole 18 in the insulating layer 17. At this 
time, the insulating layer 17 is side-etched somewhat, 

so so that as shown in Fig. 24E, the hole 1 8 is slightly wider 
than each of the holes 9a and 9b of the cathode elec- 
trode 2. 

With the steps shown in Figs. 24A to 24E, a struc- 
ture equivalent to the structure in the thirteenth embod- 
55 iment shown in Fig. 22 is obtained. 

Next, as shown in Fig. 24F, the second gate elec- 
trode 16 is etched by RIE through the opening 6 of the 
resist film 5, the opening 7 of the gate electrode 4, the 
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through-hole 8 of the insulating layer 3, the holes 9a and 
9b of the cathode electrode 2, and the hole 18 of the 
insulating layer 1 7, to form a hole 1 9 in the second gate 
electrode 16. At this time, since the etching (RIE in this 
embodiment) for the second gate electrode 16 is strong 
in anisotropy, the hole 1 9 is formed into a planar shape 
being substantially the same as those of the opening 7 
of the gate electrode 4 and the hole 9b of the cathode 
electrode 2. 

The resist film 5 is then removed by ashing or the 
like, to obtain a structure in the fourteenth embodiment 
shown in Fig. 23. 

Embodiment 15 

Fig. 25 shows a sectional structure of a field emis- 
sion element in accordance with a fifteenth embodiment 
of the present invention. In this embodiment, parts cor- 
responding to those in the tenth embodiment are indi- 
cated by the same characters as those in the tenth em- 
bodiment. 

As shown in Fig. 25, in the fifteenth embodiment 
whose configuration is similar to that of the tenth em- 
bodiment shown in Fig. 19, a second gate electrode 16 
which is the same as the second gate electrode 16 in 
the twelfth, thirteenth, and fourteenth embodiments is 
replaced with a conductive substrate or semiconductor 
substrate 1 3. 

Accordingly, in this embodiment, the same effect as 
that in the twelfth embodiment can be obtained without 
provision of the second gate electrode. 

Embodiment 16 

Fig. 26 shows a sectional structure of a field emis- 
sion element in accordance with a sixteenth embodi- 
ment of the present invention. In this embodiment, parts 
corresponding to those in the eleventh embodiment are 
indicated by the same characters as those in the elev- 
enth embodiment. 

As shown in Fig. 26, in the sixteenth embodiment 
whose configuration is similar to that in the eleventh em- 
bodiment, a second gate electrode 16 which is the same 
as the second gate electrode 1 6 in the twelfth, thirteenth, 
and fourteenth embodiments is replaced with a conduc- 
tive substrate or semiconductor substrate 13. 

Accordingly, in this embodiment, the same effect as 
that in the thirteenth embodiment can be obtained with- 
out provision of the second gate electrode. 

While the preferred embodiments of the present in- 
vention have been described, such description is for il- 
lustrative purposes only, and it is to be understood that 
many changes and variations may be made without de- 
parting from the scope of the following claims. 


Claims 

1. A field emission display having a field emission el- 
ement, said field emission element comprising: 

5 

a first electrode (4), and a second electrode (2) 
laminated to said first electrode (4) through an 
insulating layer (3), 

said first electrode (4) having an opening (7), 
to said second electrode (2) having a hole (9) of 

a planar shape corresponding to that of said 
opening (7) at a position matched with said 
opening (7), 

said insulating layer (3) having a through -hole 
15 (8) continuous to said opening (7) and said hole 

(9); 

wherein an upper edge portion of said hole (9) 
is formed into a cross-sectional shape having 
an edge angle in a range of 80 to 100°; and 
2° at least part of said upper edge portion of said 

hole is exposed in said through-hole (8); 
whereby electrons are emitted from said sec- 
ond electrode (2) through said upper edge por- 
tion of said hole (9) exposed in said through- 
25 hole (8) by applying a specific voltage between 

said first electrode (4) and said second elec- 
trode (2). 

2. A field emission display having a field emission el- 
30 ement according to claim 1 , wherein said hole (9) 

of said second electrode (2) has a planar shape be- 
ing substantially the same as that of said opening 
(7) of said first electrode (4). 

os 3. A field emission display having a field emission el- 
ement according to claim 1 , wherein one of said first 
electrode (4) and said second electrode (2) is 
formed on an insulating substrate (1). 

40 4. A field emissbn display having a field emission el- 
ement according to claim 1 , wherein one of said first 
electrode (4) and said second electrode (2) is 
formed on a second insulating layer (14) formed on 
a conductive substrate (13) or semiconductor sub- 
45 strate(13). 

5. A field emission display having a field emission el- 
ement according to claim 4, wherein said second 
electrode (2) is formed on said second insulating 

so layer (14), and at the time of emission of electrons 
from said second electrode (2), a second voltage 
(Vg') equal to or less than said specific voltage (Vg) 
is applied between said second electrode (2) and 
said conductive substrate (13) or semiconductor 
ss substrate (13). 

6. A field emission display having a field emission el- 
ement according to claim 4, wherein said second 
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electrode (2) is formed on said insulating layer (3); 
said hole (9) of said second electrode (2) is formed 
as a through-hole passing through said second 
electrode (2); and a hole (15) continuous to said 
through-hole of said second electrode (2) is formed s 
in said second insulating layer (14). 

7. A field emission display having a field emission el- 
ement according to claim 6, wherein at the time of 
emission of electrons from said second electrode 10 
(2), a second voltage (Vg') equal to or less than said 
specific voltage (Vg) is applied between said sec- 
ond electrode (2) and said conductive substrate 
(13) or semiconductor substrate (13). 

is 

8. A method of fabricating a field emission display, 
comprising the steps of: 

forming a first electrode layer (2) on an insulat- 
ing substrate (1); 20 
forming an insulating layer (3) on said first elec- 
trode layer (2); 

forming a second electrode layer (4) on said in- 
sulating layer (3); 

forming an opening (7) in said second electrode 25 
layer (4) at a specific position; 
etching said insulating layer (3) through said 
opening (7) of said second electrode layer (4), 
to form in said insulating layer (3) a through- 
hole (8) continuous to said opening (7) of said so 
second electrode layer (4) and wider than said 
opening (7); and 

anisotropic-etching the first electrode layer (2) 
through said opening (7) of said second elec- 
trode layer (4) and said through-hole (8) of said os 
insulating layer (3), to form in said first elec- 
trode layer (2) a hole (9) continuous to said 
through-hole (8) of said insulating layer (3) and 
having a planar shape being substantially the 
same as that of said opening (7) of said second *o 
electrode layer (4). 

9. A method of fabricating a field emission display, 
comprising the steps of: 

45 

forming a first insulating layer (1 4) on a conduc- 
tive substrate (1 3) or semiconductor substrate 
(13); 

forming a first electrode layer (2) on said first 
insulating layer (14); so 
forming a second insulating layer (3) on said 
first electrode layer (2); 

forming a second electrode layer (4) on said 
second insulating layer (3); 

forming an opening (7) in said second electrode ss 
layer (4) at a specific position; 
etching said second insulating layer (3) through 
said opening (7) of said second electrode layer 


(4), to form in said second insulating layer (3) 
a through-hole (8) continuous to said opening 

(7) of said second electrode layer (4) and wider 
than said opening (7); and 
anisotropic-etching said first electrode layer (2) 
through said opening (7) of said second elec- 
trode layer (4) and said through-hole (8) of said 
second insulating layer (3), to form in said first 
electrode layer (2) a hole (9) continuous to said 
through-hole (8) of said second insulating layer 
(3) and having a planar shape being substan- 
tially the same as that of said opening (7) of said 
second electrode layer (4). 

10. A method of fabricating a field emission display ac- 
cording to claim 9, further comprising the step of: 

forming a through-hole as said hole (9) in said 
first electrode layer (2), and etching said first insu- 
lating layer (14) through said opening (7) of said 
second electrode layer (4), said through-hole (8) of 
said second insulating layer (3), and said through- 
hole of said first electrode layer (2), to form in said 
first insulating layer (14) a hole (15) continuous to 
said through -hole (9) of said first electrode layer (2). 

11. A field emission display having a field emission el- 
ement, said field emission element comprising: 

a first electrode (4), a second electrode (2) lam- 
inated to said first electrode (4) through a first 
insulating layer (3), and a third electrode (16) 
laminated to said second electrode (2) through 
a second insulating layer (17), 
said first electrode (4) having an opening v , 
said second electrode (2) having a hole (9) of 
a planar shape corresponding to that of said 
opening (7) at a position matched with said 
opening (7), 

said first insulating layer (3) having a th rough - 
hole (8) continuous to said opening (7) and said 
hole (9); 

wherein at least part of an upper edge portion 
of said hole (9) is exposed in said through-hole 

(8) ; 

whereby electrons are emitted from said sec- 
ond electrode (2) through said upper edge por- 
tion of said hole (9) exposed in said through- 
hole (6) by applying a first voltage (Vg) between 
said first electrode (4) and said second elec- 
trode (2) and a second voltage (Vg') equal to or 
less than said first voltage (Vg) between said 
second electrode (2) and said third electrode 
(16). 

12. A field emission display having a field emission el- 
ement according to claim 11, wherein said hole (9) 
of said second electrode (2) has a planar shape be- 
ing substantially the same as that of said opening 
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(7) of said first electrode (4). 

13. A field emission display having a field emission el- 
ement according to claim 1 1 , wherein said upper 
edge of said hole (9) of said second electrode (2) is $ 
formed into a cross-sectional shape having an edge 
angle in a range of 80 to 100°. 

14. A field emission display having a field emission el- 
ement according to claim 11 , wherein said hole (9) fo 
of said second electrode (2) is formed as a through- 
hole passing through said second electrode (2), and 

a hole (18) continuous to said through-hole (9) of 
said second electrode (2) is formed in said second 
insulating layer (17). is 

15. A field emission display having a field emission el- 
ement according to claim 14, wherein said hole (18) 
of said second insulating layer (17) is formed as a 
through-hole passing through said second insulat- 20 
ing layer (17), and a hole (19) continuous to said 
through-hole (18) of said second insulating layer 
(17) is formed in said third electrode (16). 

16. A field emission display having a field emission el- 2$ 
ement according to claim 11, wherein said third 
electrode (16) is formed on an insulating substrate 

0) 

17. A method of fabricating a field emission display, so 
comprising the steps of: 

forming a first electrode layer (16) on an insu- 
lating substrate (1); 

forming a first insulating layer (17) on said first 35 
electrode layer (16); 

forming a second electrode layer (2) on said 
first insulating layer (17); 
forming a second insulating layer (3) on said 
second electrode layer (2); 40 
forming a third electrode layer (4) on said sec- 
ond insulating layer (2); 
forming an opening (7) in said third electrode 
layer (4) at a specific position; 
etching said second insulating layer (3) through 4S 
said opening (7) of said third electrode layer (4), 
to form in said second insulating layer (3) a 
through-hole (8) continuous to said opening (7) 
of said third electrode layer (4) and wider than 
said opening (7); and so 
anisotropic-etching said second electrode layer 
(2) through said opening (7) of said third elec- 
trode layer (4) and said through-hole (8) of said 
second insulating layer (3), to form in said sec- 
ond electrode layer (2) a hole (9) continuous to 
said through-hole (8) of said second insulating 
layer (3) and having a planar shape being sub- 
stantially the same as that of said opening (7) 


of said third electrode layer (4). 

18. A method of fabricating a field emission display ac- 
cording to claim 17, further comprising the step of: 

forming a through-hole as said hole (9) in said 
second electrode layer (2), and etching said first in- 
sulating layer (17) through said opening (7) of said 
third electrode layer (4), said through -hole (8) of 
said second insulating layer (3), and said through- 
hole (9) of said second electrode layer (2), to form 
in said first insulating layer (17) a hole (18) contin- 
uous to sard through-hole (9) of said second elec- 
trode layer (2). 

1 9. A method of fabricating a field emission display ac- 
cording to claim 18, further comprising the step of: 

forming a through-hole as said hole (18) in 
said first insulating layer (17), and etching said first 
electrode layer (1 6) through said opening (7) of said 
third electrode layer (4), said through -hole (8) of 
said second insulating layer (3), said through-hole 
(9) of said second electrode layer (2), and said 
through-hole (18) of said first insulating layer (17), 
to form in said first electrode layer (16) a hole (19) 
continuous to said through-hole (18) of said first in- 
sulating layer (1 7) and having a planar shape being 
substantially the same as those of said opening (7) 
of said third electrode layer (4) and said through- 
hole (9) of said second electrode layer (2). 

20. A field emission display having a field emission el- 
ement, said field emission element comprising: 

a first electrode (4), and a second electrode (2) 
laminated on said first electrode (4) through an 
insulating layer (3), 

said first electrode (4) having an opening (7), 
said second electrode (2) having, at a position 
matched with said opening (7), a hole (9) hav- 
ing a planar shape including said opening (7) 
and being partially overlapped to said opening, 
said insulating layer (3) having a through-hole 
(6) continuous to said opening (7) and said hole 

(9); 

wherein at least part of an upper edge portion 
of said hole (9) is exposed in said through-hole 
(8); 

whereby electrons are emitted from said sec- 
ond electrode (2) through said upper edge por- 
tion of said hole (9) exposed in said through- 
hole (8) by applying a specific voltage (Vg) be- 
tween said first electrode (4) and said second 
electrode (2). 

21. A field emission display of a field emission element 
according to claim 20, wherein an upper edge por- 
tion of said hole (9) of said second electrode (2) is 
formed into a cross-sectional shape having an edge 
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angle in a range of 80 to 100°. 

22. A field emission display of a field emission element 
according to claim 20, wherein one of said first elec- 
trode (4) and said second electrode (2) is formed 5 
on an insulating substrate (1 ). 

23. A field emission display having a field emission el- 
ement according to claim 20, wherein one of said 
first electrode (4) and said second electrode (2) is io 
formed on a second insulating layer (14) formed on 

a conductive substrate (1 3) or semiconductor sub- 
strate (13). 

24. A field emission display having a field omission el- is 
ement according to claim 23, wherein said second 
electrode (2) is formed on said second insulating 
layer (14), and at the time of emission of electrons 
from said second electrode (2), a second voltage 
(Vg') equal to or less than said specific voltage (Vg) 20 
is applied between said second electrode (2) and 
said conductive substrate (13) or semiconductor 
substrate (1 3). 

25. A field emission display having a field emission el- 25 
ement according to claim 23, wherein said second 
electrode (2) is formed on said second insulating 
layer (1 4); said hole (9) of said second electrode (2) 

is formed as a through-hole passing through said 
second electrode (2); and a hole (15) continuous to 30 
said through-hole (9) of said second electrode (2) 
is formed in said second insulating layer (14). 

26. A field emission display having a field emission el- 
ement according to claim 25, wherein at the time o1 35 
emission of electrons from said second electrode 
(2), a second voltage (Vg') equal to or less than said 
specific voltage (Vg) is applied between said sec- 
ond electrode (2) and said conductive substrate 

(1 3) or semiconductor substrate (1 3). 40 

27. A method of fabricating a field emission display, 
comprising the steps of: 

forming a first electrode layer (2) on an insulat- *s 
ing substrate (1); 

forming a first hole (9a) having a specific planar 
shape in said first electrode layer (2) at a spe- 
cific position; 

forming an insulating layer (3) on said first elec- so 
trode layer (2); 

forming a second electrode layer (4) on said in- 
sulating layer (3); 

forming, in said second electrode layer (4) at a 
specific position, an opening (7) having a planar ss 
shape being partially overlapped to said first 
hole (9a) of said first electrode layer (2); 
etching said insulating layer (3) through said 


opening (7) of said second electrode layer (4), 
to form in said insulating layer (3) a through- 
hole (8) continuous to said opening (7) of said 
second electrode layer (4) and wider than said 
opening (7); and 

anisotropic-etching said first electrode layer (2) 
through said opening (7) of said second elec- 
trode layer (4) and said through-hole (8) of said 
insulating layer (3), to form in said first elec- 
trode layer (2) a second hole (9b) continuous 
to said through-hole (8) of said insulating layer 
(3) and having a planar shape being substan- 
tially the same as that of said opening (7) of said 
second electrode layer (4). 

28. A field emission display having a field emission el- 
ement, comprising: 

a first electrode (4), a second electrode (2) lam- 
inated to said first electrode (4) through a first 
insulating layer (3), and a third electrode (16) 
laminated on said second electrode (2) through 
a second insulating layer (17), 
said first electrode (4) having an opening (7), 
said second electrode (2) having, at a position 
matched with said opening (7), a hole (9a) hav- 
ing a planar shape including said opening (7) 
and being partially overlapped to said opening 
(7). 

said first insulating layer (3) having a through- 
hole (8) continuous to said opening (7) and said 
hole (9a); 

wherein at least part of an upper edge portion 
of said hole (9a) is exposed in said through- 
hole (8); 

whereby electrons are emitted from said sec- 
ond electrode (2) through said upper edge por- 
tion of said hole (9a) exposed in said through- 
hole (8) by applying a first voltage (Vg) between 
said first electrode (4) and said second elec- 
trode (2) and a second voltage (Vg 1 ) equal to or 
less than said first voltage (Vg) between said 
second electrode (2) and said third electrode 
(16). 

29. A field emission display having a field emission el- 
ement according to claim 28, wherein an upper 
edge portion of said hole (9a) ot said second elec- 
trode (2) is formed into a cross-sectional shape hav- 
ing an edge angle in a range of 80 to 100°. 

30. A field emission display having a field emission el- 
ement according to claim 28, wherein said hole (9a) 
of said second electrode (2) is formed as a through- 
hole passing through said second electrode (2), and 
a hole (18) continuous to said through-hole of said 
second electrode (2) is formed in said second insu- 
lating layer (17). 
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31. A field emission display having a field emission el- 
ement according to claim 30, wherein said hole (18) 
of said second insulating layer (17) is formed as a 
through- hole passing through said second insulat- 
ing layer (17), and a hole (19) continuous to said 
through-hole (18) of said second insulating layer 
(17) is formed in said third electrode (16). 

32. A field emission display having a field emission el- 
ement according to claim 28, wherein said third 
electrode (16) is formed on an insulating substrate 
(1). 

33. A method of fabricating a field emission display, 
comprising the steps of; 

forming a first electrode layer (16) on an insu- 
lating substrate (1); 

forming a first insulating layer (17) on said first 
electrode layer (16); 

forming a second electrode layer (2) on said 
first insulating layer (17); 
forming, in said second electrode layer (2) at a 
specific position, a first hole (9a) having a spe- 
cific planar shape; 

forming a second insulating layer (3) on said 
second electrode layer (2); 
forming a third electrode layer (4) on said sec- 
ond insulating layer (3); 

forming, in said third electrode (4) at a specific 
position, a hole (7) having a planar shape being 
partially overlapped to said first hole (9a) of said 
second electrode layer (2); 
etching said second insulating layer (3) through 
said opening (7) of said third electrode layer (4), 
to form in said second insulating layer (3) a 
through-hole (8) continuous to said opening (7) 
of said third electrode layer (4) and wider than 
said opening (7); and 

anisotropic-etching said second electrode layer 
(2) through said opening (7) of said third elec- 
trode layer (4) and said through-hole (8) of said 
second electrode layer (3), to form in said sec- 
ond electrode layer (2) a second hole (9b) con- 
tinuous to said through-hole (8) of said second 
insulating layer (3) and having a planar shape 
being substantially the same as that of said 
opening (7) of said third electrode layer (4). 

34. A method of fabricating a field emission display ac- 
cording to claim 33, further comprising the step of: 

forming a through-hole at least as said second 
hole (9b) in said second electrode layer (2), and 
etching said first insulating layer (17) through said 
opening (7) of said third electrode (4), said through- 
hole (8) of said second insulating layer (3), and said 
through-hole (9b) of said second electrode layer (2), 
to form in said first insulating layer (17) a hole (18) 


continuous to said through-hole (9b) of said second 
electrode layer (2). 

35. A method of fabricating a field emission display ac* 
s cording to claim 34, further comprising the step of: 
forming a through-hole as said hole (18) in 
said first insulating layer (17), and etching said first 
electrode layer (1 6) through said opening (7) of said 
third electrode layer (4), said through-hole (8) of 
w said second insulating layer (3), said through-hole 
(9b) of said second electrode layer (2), and said 
through-hole (18) of said first insulating layer (17), 
to form in said first electrode layer (16) a hole (19) 
continuous to said through-hole (18) of said first in- 
1$ sulating layer (1 7) and having a planar shape being 
substantially the same as those of said opening (7) 
of said third electrode (4) and said through-hole (9b) 
of said second electrode layer (2). 


25 


30 


35 


40 


45 


SO 


17 


EP0 871 195 A1 


F I G. I 

7 



18 


EP0 871 195 A1 


F I G. 3 



19 


EP 0 871 195 A1 


FIG.4A FIG.4C 



9 


20 


EP0 871 195 A1 


F I G. 5 



21 


EP0 871 195 A1 


F I G. 6A 


C 

25kV Ijjm X25.000 


F I G. 6B 



22 


EP0 871 195 A1 

F I G. 7 


9 7 8 



23 


EP0 871 195 A1 


FIG. 9A 



24 


EP0 871 195 Al 


F I G. 10 


9 7 8 



F I G. I I 


9 7 8 



18 


25 


EP0 871 195 A1 


F I G. I2 


9 7 8 



18 I9 


26 


EP0 871 195 A1 


FIG.I3A 


FIG.I3C 



8- 
9- 


V 


6 





5 

S— 4 
3 
2 
17 
6 
I 


FIG. I3B 


Fl G.I3D 




27 


EP0 871 195 A1 

FIG. I 4 


9 7 8 



F I G. I 5 


9 7 8 



15 


28 


EP0 871 195 A1 



29 


EP 0 871 195 A1 



30 


EP0 871 195 A1 


FIG.I8A-I 


%—zo 



FIG.I8A-2 

9a. 



FIG.I8B-I 


FIG.I8B-2 




FIG. I8C-I 


FIG. I8C-2 




31 


EP0 871 195 A1 


F I G. I9 


7 9b 



8 9a 


F I G. 20 


7 9b 


8 15 9a 


32 


EP0 871 195 A1 

F I G. 2 I 


7 9b 



F I G. 22 


7 9b 



8 18 9a 


33 


EP0 871 195 Al 


F I G. 23 


7 9b 8 



18 19 9a 


EP 0 871 195 A1 


F I 6.24A 


Fl G.24D 




v 


if 


FIG. 24B 



FIG.24E 



Fl G.24C 



FIG.24F 



35 


EP0 871 195 A1 


F I G. 25 



EP0 871 195 A1 




37 


EP 0 871 195 A1 

FIG. 28A 


I06 



IIO 


F I G. 28B 



38 


EP 0 871 195 A1 

F I G. 29 


III 



IOI 


39 


EP 0 871 195 A1 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 98 40 0893 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 


Citation of document wtth indication, where appropriate, 
of ralevant passages 


Relevant 
toclaim 


CLASSIFICATION OF THE 
APPLICATION (IntCU) 


EP 0 501 785 A (RAYTHEON COMPANY) 2 
September 1992 

* the whole document * 

US 5 214 347 A (GRAY) 25 May 1993 

* the whole document * 

US 5 266 155 A (GRAY) 30 November 1993 

* the whole document * 

JP 05 225 914 A (TOSHIBA CORP) 3 September 
1993 

* the whole document * 

OP 07 130 283 A (AGENCY OF IND SCIENCE & 
TECHN0L) 19 May 1995 

* abstract; figure 9 * 

US 5 136 764 A (VA5QUEZ) 11 August 1992 

US 5 562 516 A (SPINDT £T AL.) 8 October 
1996 

US 5 079 476 A (KANE) 7 January 1992 


1-35 

1-35 
1-35 
1,20 

1,20 


The present search report has been drawn up tor alt claims 


H01J1/30 
H01J9/02 


TECHNICAL FIELDS 
SEARCHED <IntCi.«> 


H01J 


MUNICH 


Oct* ol CwrqUHan of t* Mitch 

9 Ouly 1998 


FrUch, K 


CATEGORY OF CITEO DOCUMENTS 

X : particularly rvtavant K tafcan atone 

Y : partlcUasfy relevant If combined w*h another 

document or lha earne category 
A ; tachnofogtc&l background 
O : ncn-wrrttan dtedoauia 
P : IntermadHite document 


T:tfworyorprinc%*e underlying lha Invention 
E : eerier palant document, but pubf trwd on, or 

anerthelttingdate 
O : documtnt ottad In In* application 
L : documtnt ettad tor other ra«*ona 


A : member of tna »ame palant fanriy, corntsponefng 
documant 


40 


